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WHAT IS CLAIMED IS: 
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A microelectromechanical systems (MEMS) element, comprising: 

a crystalline substrate having a crystal structure characterized by two or mor^^ / 5~ t 44 *^ ^ 



substrate crystal axes; 
a moveable element moveably attached to the substrate; 



3^. 




whereiiHhe moveable element includes a perpendicular portion oriented substantially 
peipendicularto a plane of the substrate; 
wherein the perpendicular portion of the moveable element has a crystal structur? ^ 1**$ I ~ ^ 
characterized by one ootibre^moveable element crystal axes; 
wherein the crystal structure of the.perpendicular portion of the moveable element is 
substantially the same as the crystal structure of the substrate; 
wherein, when the moveable element is in at least.oneposition, a part of the^ ; 
perpendicular portion projects beyond a surface of the substrat^^ 
wherein, when the moveable element is in at least one position, Iwo^ormore of the 
moveable element crystal axes are oriented substantially parallel to two ormore 
corresponding substrate crystal axes. 

^ , ^^/> 

The MEMS element of claim 1 wherein the moveable element is substantially \A ^ 
cted to movement in a plane substantially perpendicularto the plane of 



the substrate. 





e MEMS element of claim 2 wherein moveable element may rotate about a 
rotation axis. 

The MEMS element of claim 3 wherein the rotation axis is substantially 
par&liQl to the plane of the substrate. 

5{ ^T%q s MEMS element of claim 4 wherein rotation axis is oriented substantially 
perpendicular to a plane of the moveable element. 

6X The MEMS element of claim 1 wherein the pei pendicuja rportion of the 
^moveable element is(formed fronTaportion of the crystalli^si^sfrate^ 
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The MEMS element of claim 6 wherein the moveable element is formed from 
the substrate. 





The MEMS element of claim 1 wherein the moveable element includes a 

— 

light-deflect ing component^ 

The MEMS element of claim 8 wherein the light-deflecting portion includes a 
reflective coating. 

The MEMS element of claim 9 wherein the light deflecting is disposed on two 
sides of the perpendicular portion. 

The MEMS element of claim 1 wherein the moveable element is moveably 



2>° 



attached to the substrate at fist surface of the substrate. 

r 2. The MEMS element of claim 1 1 wherein the substrate includes a second 
" surface; and 

the second surface of the substrate is substantially parallel to the first 
surface of the substrate. 




The MEMS element of claim 1: 



(herein the movable element includes^clampin^late attached to an edge of 
the perpendicular portion of the moveable element; 
wherein the clamping plate is oriented substantially perpendicular to the 
moveable element; 

wherein the clampmgj)late is oriented substantially parallel to a first surface 
of the substrate; 

wherein, when the moveable element is in at least one position, the clamping 
plate engages the first surface of the'substrate. 



l4. The MEMS element of claim 1, further comprising: q 



/ 



an actuatorcoupled to the moveable element. 



VS. The MEMS element of claim 14 wherein the actuator includes a magnetic I ^ 
material disposed on the moving element 



The MEMS element of claim 14 wherein the actuator includes an electrode. 
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# 4 

1 ^]/7.--_jni^ of claim 14 wherein the actuator is thermally or 

2 ^ .el^ctrostaticaH^actuated. 

1 T8>^The MEMS element of claim 14 wherein the actuator may move the moveable 

2 / ^^^^^^^^^ at least one position in which the perpendicular portion 

3 projects beyond the surface of the substrate and a second position. 

1 wr — -T^eJSffiMS^le^nt of claim 14 further comprising a biasing element coupled 

2 to the moveable element. 

y ^^MO 

1 20r~^TheJVlEMS element of claim 1 further comprisi ng lat chjcoupled to the 

2 ' substratTforreta the moveable element in at least one position. 

_1„ , ^^"1^. The MEMS element of claim 20 wherein the latch includes a latch plate and 
2 one or more guides for restricting a range of motion of the latch plate. 

"~1 " The MEMS element of claim 21 further comprising a stop for restricting a 

2 motion of the latch. 

— 1 — — \23. The MEMS device of claim 21 further comprising an actuator coupled to the 

2 ^ latch plate. 

1 2^(P A MEMS element comprising: 

2 / / X V ^^ a substrate; 

3 amoveable element moveable attached to the substrate for motion substantially 

4 constrained to a plane oriented substantially perpendicular to a plane of the substrate; 

5 wherein the^ioveable element has a perpendicular portion; 

6 wherein the perpendicular x portion is formed from the material of the substrate; and 

7 wherein the perpendicular porfron4sformed substantially perpendicular portion to the 

8 substrate; ^^-^^ 

9 wherein, when, the moveable element is in at least onfe-pQsition, a part of the 
10 perpendicular portion projects beyond a surface of the substrate?^ — 

"\/\ 

1 T^S. The MEMS element of claim 24 wherein the moveable element is attached to 

2 a^surface of the substrate that is opposite the surface beyond which the 

3 perpendicular portion may project. 
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6r^The MEMS element of claim 24 wherein the perpendicular portion includes a 



\ 



light-deflecting component. 




2^^The MEMS element of claim 26 wherein the light-deflecting component is a 
reflective coating. 

28. The MEMS element of claim 27 wherein the reflective coating is disposed on 
two surfaces of the perpendicular portion. 

The MEMS element of claim 24, further comprising a clamping plate attached 
to the perpendicular portion. 

The MEMS element of claim 29, further comprising a flexure attached to the 
clamping plate and the substrate. 

The MEMS element of claim 30 wherein the flexure is a torsional flexure. 

3'j. The MEMS element of claim 30 wherein the flexure is a pre-stressed flexure, 

The MEMS element of claim 32 wherein the pre-stressed flexure is a thermal 
/ 

bimorph flexure. 

The MEMS element of claim 32 wherein the pre-stressed flexure is an 
electrostatic zip actuator. 

An optical switch comprising: 

a crystalline substrate having a crystal structure characterized by two or more 
substrate crystal axes; 

one or more moveable elements moveably attached to the substrate; 
wherein eacn moveable element includes a perpendicular portion oriented 
substantially perpendicular to a plane of the substrate; 

wherein the perpendiculat-ROrtion of each moveable element has a crystal structure 
characterized by one or more moveable element crystal axes; 

wherein the crystal structure of eachpferpendicular portion is substantially the same as 
the crystal structure of the substrate; 
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1 1 ^whetein, when a given moveable element is in at least one position, two or more of 

12 the movea^le-element crystal axes for the given element are oriented substantially 

13 parallel to two or more^corresponding substrate crystal axes; 

14 wherein, when a given moveable element is in at least one position, a part of the 

1 5 perpendicular portion projects^eybiK^a surface of the substrate; . 

1 ^3^1^ of claim 35 wherein one or more of the moveable elements 

2 include a light deflecting portion. 

1 3^^L^Tieoptical switch of claim 35, further comprising one or more optical fibers 

2 optically aligned with one or more of the optical elements. 

1 " " ^3&f)) The optical switch of claim 35 wherein each moveable element is formed from 

2 a portion of the crystalline substrate. 

1 ^^rbk ^ e °Pti ca l sw i tc h of claim 35 wherein one or more of the moveable elements 

2 ^^mayrotate about a rotation axis. 

1 ^^^Sti Tl* e °pti ca l switch of claim 39 wherein the rotation axis is substantially 

2 ]wallel to the plane of the substrate. 

1 °pti ca l switch of claim 40 wherein the rotation axis is substantially 

2 \J perpendicular to a plane of at least one of the moveable elements. 

1 4Sr^f^The optical switch of claim 35 wherein one or more of the moveable elements 

2 \~y in&}Ctranslate in a direction substantially perpendicular to a plane of the 

3 substrate. 
1 
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